In a previous study, the drinking of a Salvia officinalis tea (prepared as an 2 infusion) for 14 days improved liver antioxidant status in mice and rats where, among 3 other factors, an enhancement of glutathione-S-transferase (GST) activity was observed. 4
Introduction 21
Chronic liver diseases are common worldwide and are characterized by a 22 progressive evolution from steatosis to chronic hepatitis, fibrosis, cirrhosis, and 2004). By virtue of its unique vascular and metabolic features, the liver is exposed to 28 absorbed drugs and xenobiotics in concentrated form. Detoxification reactions (phase I 29 and phase II) metabolize xenobiotics aiming to increase substrate hydrophilicity for 30 excretion. Drug-metabolizing enzymes detoxify many xenobiotics but bioactivate or 31
Salvia officinalis L. (common sage) is a medicinal plant well known for its 46
reputation of being a panacea and for its strong antioxidant properties attributed to its 47 constitution in phenolic compounds (rosmarinic acid being the most representative) 48 (Cuvelier et al., 1994; Baricevic and Bartol, 2000) . In an in vivo study using rats, 49 treatment with a sage water extract for 5 weeks protected against the hepatotoxicity of 50 azathioprine, a drug that acts by reducing GSH levels, revealing the antioxidant 51
properties of this extract (Amin and Hamza, 2005) . Drinking of sage tea (prepared as an 52 infusion) for 14 days also improved liver antioxidant status in mice and rats. It 53 significantly increased the activity of a phase II detoxifying enzyme, glutathione-S-54 transferase (GST), and protected against lipid peroxidation and GSH depletion induced 55
by an oxidant insult (tert-butyl hydroperoxide) in rat hepatocytes in primary culture 56 (Lima et al., 2005) . In view of these observations we hypothesised that sage tea would 57 6 95
Plant material, preparation of sage tea and composition in phenolic and volatile 96 compounds 97
Salvia officinalis L. plants were cultivated in an experimental farm located in 98
Arouca, Portugal, and were collected in April, 2001 . The aerial parts of plants were 99 lyophilized and kept at -20 ºC. Considering that sage is traditionally used as a tea, an 100 infusion of sage was routinely prepared as in a previous study by pouring 150 ml of 101 boiling water onto 2 g of the dried plant material and allowing to steep for 5 min (Lima 102 et al., 2005) . This preparation produced a 3.5 ± 0.1 mg of dry weight extract per ml of 103 infusion, with rosmarinic acid (362 µg/ml of infusion) and luteolin-7-glucoside (115.3 104 µg/ml of infusion) as a major phenolic compounds and 1,8-cineole, cis-thujone, trans-105
Twenty male Balb/c mice were randomly divided into two groups (five per 119 cage), given food ad libitum and either drinking water (tap) or sage tea ad libitum for 14 120 days (beverage was renewed daily). Twenty four hours before the end of the 121 experiment, half the animals of each drinking group received an ip injection of CCl 4 in 122 order to observe the hepatic injury effects (Chung et al., 2005) . CCl 4 was administered 123 ip at 20 µl/kg in olive oil (8 ml/kg) to induce liver injury as previously described (Chen 124 et al., 2004), and controls received vehicle only. At the end of the experiment, animals 125 were sacrificed by cervical dislocation and plasma collected for measurement of 126 transaminase activities (ALT-alanine aminotransferase and AST-aspartate 127 aminotransferase). The livers were also collected, frozen in liquid nitrogen and kept at -128 80 ºC for later analysis and measurement of several liver parameters. 129
The same experimental outline was used for the twenty female Balb/c mice. 130
For measurement of the activities of GST, glutathione peroxidase (GPox), 143 glutathione reductase (GR) and NADPH-cytochrome P450 reductase (CYPR) in mice 144 liver, a piece of tissue was homogenized individually in a phosphate/glycerol buffer pH 145 7.4 (Na 2 HPO 4 20 mM; β-mercaptoethanol 5 mM; EDTA 0.5 mM; BSA 0.2% (w/v); 146 aprotinine 10µg/ml and glycerol 50% (v/v)) and centrifuged at 10,000 × g at 4 ºC for 10 147 min and the supernatant collected. 148
For measurement of the activities of cytochromes P450 and analysis of the 149 expression level of CYP 2E1 protein, liver microsomes were isolated by differential 150 centrifugation as described elsewhere (Barbier et al., 2000) . In brief, a piece of the liver 151 was homogenized in homogenization buffer (80 mM K 2 HPO 4 , 80 mM KH 2 PO 4 (pH 152 7.4), 20% (v/v) glycerol, 1 mM EDTA, 1 mM dithiothreitol and 0.1 mM 153 phenylmethanesulfonyl fluoride) and centrifuged at 12,000 × g at 4 ºC for 20 min. The 154 supernatant was collected and centrifuged at 105,000 × g at 4 ºC for 1 h. Microsomal 155 pellets were resuspended in homogenization buffer, rapidly frozen in liquid nitrogen 156 and stored at -80 ºC.
Microsomal ethoxyresorufin-O-dealkylation (EROD) and pentoxyresorufin-O-167 dealkylation (PROD) were determined according to Burke et al. (1985) with some 168 modifications (Pearce et al., 1996) . Briefly, liver microsomes (0.2 mg) were incubated 169 at 37 ºC in 1 ml (final volume) incubation mixture containing 100 mM KH 2 PO 4 (pH 170 7.4), 7.5 mM MgCl 2 , 1 mM EDTA, 0.5 mM NADP -5 mM glucose-6-phosphate/0.5 171 U/ml glucose-6-phosphate dehydrogenase and either 7-ethoxyresorufin (5 µM) or 7-172 pentoxyresorufin (10 µM) in the EROD or PROD activities, respectively. Reactions 173
were started by addition of the NADPH-generating system and were stopped after 5 min 174 by addition of 2 ml of ice-cold acetone. After centrifugation, the amount of resorufin 175 was determined fluorometrically with a Perkin Elmer LS50 spectrophotometer (Perkin-176
Elmer Ltd., Buckinghamshire, UK). The activity was expressed as pmol resorufin 177 formed/min/mg microsomal proteins using a standard curve of resorufin. 178 Paranitrophenol hydroxylation (PNP-H) in liver microsomes was assessed 179 according to the methodology previously described by Allis and Robinson (1994), 180 following specrophotometrically at 480 nm the formation 4-nitrocatechol. Briefly, 0.2 181 mg of microsomal proteins were pre-incubated for 5 min at 37 ºC with 1 mM p-182 nitrophenol and 100 mM Hepes (pH 6.8). Five minutes after adding the NADPH-183 generating system, the formation of 4-nitrocatechol was followed at 480 nm at 37 ºC on 184 a plate reader spectrophotometer and the results expressed as pmol 4-nitrocatechol 185 formed/min/mg microsomal proteins using the extinction coefficient of 3.567 mM 
Glutathione content 188
The glutathione content of mice livers was determined by the DTNB-GSSG 189 reductase recycling assay as previously described (Lima et al., 2004 by the CCl 4 in mice appear to be higher in females than in males. 242
CCl 4 is a hepatotoxic chemical that requires metabolic activation by phase I 243 drug-metabolizing enzymes and therefore it was important to monitor the effects of sage 244 tea drinking on the activity of some CYP enzymes. For that, EROD, PROD and PNP-H 245
were measured in liver microsomal fractions (Table 2 ). Comparing the groups where 246
CCl 4 was not administered, although not statistically significant, sage tea drinking 247 increased slightly, between 8% and 13%, the activity of CYP 1A and CYP 2E1 in both 248
genders. The activities of CYP 2B and CYP 2E1 in females was lower and higher, 249 respectively, when compared with males. Twenty four hours after administration, CCl 4 250 hepatotoxicity was also reflected in the decrease observed for the activities of the CYP's 251 measured as well as in the majority of the others enzyme activities (Table 3) . 252
Comparing drinking groups, the decrease in these enzyme activities after CCl 4 253 administration was also consistent with the higher toxicity in sage tea groups, since it 254 was in general significantly higher in sage tea than water drinking mice. 255
The CYPR is an essential enzyme for microssomal P450-mediated 256 Therefore, its activity was measured (Table 2) , and was found to be significantly higher 259 in female mice, which indirectly may contributed to higher toxicity of CCl 4 in females. 260
Sage tea drinking induced 21% the activity of this cytochrome, but only in female mice. 261
The bioactivation of CCl 4 is mainly executed by CYP 2E1 (Weber et al., 2003) . 262
It is also known that modulatory effects on the expression of CYP 2E1 affects the CCl 4 -263 induced hepatotoxicity (Weber et al., 2003) . Therefore, in addition to the measurement 264 of some CYP enzyme activities which included the CYP 2E1, the expression of this 265 <Insert  table 2  here>   <Insert  table 3  here> cytochrome was evaluated by Western Blot (Fig. 2) . Sage tea drinking for 14 days 266 increased significantly the amount of CYP 2E1 protein in females (24%) abut it only 267 slightly increased in males (8%). In sage tea drinking mice, the decrease on CYP 2E1 268 (Table 3 ) and gender differences were 275 observed in all of them. The activity of GST in males was significantly increased by 276 sage tea drinking, as previously observed in other study (Lima et al., 2005) . GPox 277 activity was also increased by sage tea drinking but significantly only in females. 278
Hepatic GSH is an important intracellular antioxidant that can scavenge free radicals 279 and could be important in the defense against radical-mediated hepatotoxicity. 280
Alterations in GSH and oxidized glutathione (GSSG) levels are therefore an important 281 indicator of oxidative stress. Comparing the groups where CCl 4 was not administered, 282
there was no effect of sage tea drinking on GSH and GSSG levels in male and female 283 mice (Table 3) . Twenty four hours after CCl 4 administration, GSH levels decreased 284 significantly only in females from the sage tea drinking group. GSSG levels increased 285 significantly after CCl 4 administration in both genders but only in the sage tea drinking 286 groups (Table 3 ). This increase was significantly higher in females than males. As a 287 result, glutathione data also suggest higher cell damage induced by CCl 4 in the sage tea 288 drinking groups in females. 289 <Insert figure 2 here> Finally, soluble protein measured after 10,000 × g centrifugation (Table 3) drug interactions between this extract and drugs metabolized by the liver. However, as 362 far as we know, there were no reports of drug-drug interactions between sage tea and 363 pharmaceutical drugs or environmental contaminants. In this particular study, where aherb-drug interaction was observed, sage tea replaced almost 100% the water that the 365 animal consumed, since food is provided as dry pellets. Therefore, by taking 1 or 2 cups 366 of sage tea, a person never reaches the dose of sage extract ingested by mice in this 367 study. So, it seems that the moderate, traditional drinking of sage tea by people most 368 likely does not result in adverse interactions with other drugs. It should, however, be 369 kept in mind that, if a phytomedicine with a higher dose of sage is taken over an 370 extended period of time, an opportunity for enzyme induction could occur and 371 undesirable interactions take place. Additionally, interindividual differences in drug 372 1 Liver soluble proteins measured in the supernatant after a centrifugation of 10,000 × g for 10 min at 4 ºC by the Bradford reagent using bovine serum albumin as a standard.
Values are means ± SEM, n=5. Drinking groups of the same gender with the same letter notation are not significantly different from each other (P > 0.05). * P< 0.05, significantly different when compared with the same treatment group from males.
GST: glutathione-s-transferase; GPox: glutathione peroxidase; GR: glutathione reductase; GSH:
glutathione (reduced form); GSSG: glutathione: oxidized form. Representative images of the imunodetection of CYP 2E1 by Western Blot from 2 animals for each group.
